This paper investigates hedging and cross-hedging internationally
The remainder of this paper is organized as follows.
Section two describes the salient features of the global dairy product market. Section three discusses the econometric methodology utilized. Section four describes the data utilized for analysis. Section five reports results and section six concludes the paper with suggestions for future research.
The International Milk Product Market
Crude oil ("black gold") is refined into gasoline, heating oil, gasoil, lubricants, kerosene, and other products. Fluid cow's milk ("white gold") is refined into cheese, butter, whole milk powder, skim milk powder, whey, and numerous other shorter-shelf-life specialty products like ice cream and yogurt. However, unlike crude oil, milk is perishable.
Unless refrigerated carefully, milk will not last and must be processed into longer-life products.
1 The vast majority of fluid milk is collected from farmers by large cooperatives that process the milk directly into other products. 
Methodology
The first order estimate of the optimal hedge ratio is estimated by a regression of spot returns on futures returns.
❶
where S t and F t are the spot and futures price of the underlying, c is the intercept, h is the hedge ratio and . The hedge ratio depends on the correlation between the change of the spot price and the change of the futures price on different underlying assets (Cechetti et al. 1988 ). The regression in Equation ❶ above is estimated using the OLS method. In order to detect serial correlation in the residuals, we apply the Ljung-Box test (Ljung and Box 1978) . We test for the presence of heteroskedasticity in the residuals using the Engle ARCH test (Engle 1982).
Lien (2004) illustrates that the optimal hedge ratio will be underestimated if a cointegrating relationship between futures and spot prices is present and not taken into account. Cointegration is verified using the Engle-Granger methodology (Engle and Granger 1987) . First, the futures and spot prices are tested both in levels and first differences for stationary behavior. If the levels are non-stationary, but the returns are stationary, then a regression is performed of log spot prices on log future prices, and the residuals are tested for stationary behavior using the augmented Dickey-Fuller test (Dickey and Fuller 1986) . If the residuals are stationary, an error correction model (ECM) (Ghosh 1993 ) can be estimated using OLS with the parameters from the first regression:
❸ where ∆ log S t ,∆ log F t are the change in log spot and futures prices; ∆ log F t −k are the lagged log future price changes from the same contract; ∆ log S t −l are the The above makes the international dairy product group an excellent commodity portfolio diversifier. On the other hand, the uniqueness of dairy production makes finding assets for cross-hedging very difficult.
Next, we focus on finding the best cross-hedging instrument using regression and error correction model methodology. There are several directions in which our research could be extended. Since international dairy products form an uncorrelated commodity group, the diversification potential for a commodity portfolio could be investigated.
Third, the standard method of hedging involves minimizing the variance of the combined portfolio, but several market participants may be more interested in hedging the downside risk (see Mello and Parsons 2000) . An alternate measure of hedging effectiveness that analyzed the covariance of asset returns during crisis times could be formulated and tested.
